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I. Abstract
The area of the US known as the Rust Belt had an economic boom in the early 1900’s, and cities
expanded rapidly to accommodate bustling manufacturing industries. This area then experienced a
significant loss of population due to the migration of manufacturing industries to other areas beginning
in the 1970’s. Many lots have become vacant and many homes have been abandoned because of this
significant population loss. Industrialization introduces large areas of impervious surfaces and disturbs
natural soils and landcovers, resulting in extensive stormwater runoff. While economies have declined,
the problem of stormwater runoff remains. To mitigate the cascading problems of vacant lots and
abandoned homes while addressing the environmental impacts of industrialization, this study proposes
to analyze the different ways vacant properties can be repurposed as stormwater runoff management
practices. To do this, an L-THIA analysis was performed to report the most beneficial and cost-effective
ways to apply stormwater management practices on vacant and abandoned properties in Rochester,
New York. By sorting parcels by size, appropriate best management practices were applied, resulting in
an estimated reduction of 188,275,175 gallons of annual stormwater runoff when compared to current
land use. The costs for this reduction are estimated at $158.8 million, which is likely significantly less
than traditional gray infrastructure installation costs based on evidence from other cities with
stormwater management plans. Plans implemented by other cities to address stormwater runoff were
also consulted to identify the steps that should be taken by Rochester city planners for green
infrastructure installation. Future research is needed on the impact of the differences between
privately- and publicly-owned land, contiguous parcels, and efficacy of different green infrastructure
methods to determine the best course of action for city planners based on a detailed neighborhood
analysis.
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II. Overview
Cities in the area known as the “Rust Belt” in the Northeast and Midwest regions of the US have
experienced significant population decline following the loss of major manufacturing industries over
the past several decades. This has left cities with a footprint intended to house and employ a
population that has greatly decreased, in some cases by over 60% 1. The vacant properties and
abandoned homes left behind can cause cascading problems, from lowering the value of surrounding
homes to inviting criminal activity. Mitigating these problems can be difficult for cities with already
weakened economies. These cities, like all urban environments, must also deal with increased amounts
of stormwater runoff resulting from development. Soil compaction because of heavy industrial
infrastructure and traffic can lead to increased stormwater runoff by affecting the permeability of
urban soils, and urbanization creates large areas of impervious surfaces, such as roads and parking lots.
Stormwater runoff accumulates chemicals, sediment, and excess nutrients that can flow into
surrounding lakes and rivers. Despite these negative effects, vacant lots can also serve as blank
canvases for stormwater runoff best management practices.
The City of Rochester, NY can benefit by examining the successes and failures of initiatives in other
cities hit by the decline of industry and manufacturing. This project aims to provide city planners with
information regarding remediation of vacant and abandoned properties using stormwater mitigation
techniques. To find the most effective methods of mitigation, an analysis was performed to see which
land use practices would be most effective to absorb runoff in the city. Also taken into account was the
feasibility of different methods of stormwater mitigation available to the city by considering the size
requirements for each method and whether implementing each method makes sense financially.
Finally, a review was completed for other cities that have already begun implementing green
infrastructure (GI) to address stormwater runoff. The objectives of this study aim to address two
problems simultaneously by evaluating methods to lessen the negative effects of vacant property by
installing stormwater management practices that decrease the load on the city’s sewer and storm
drain system, and also to evaluate the potential costs associated with the city-wide installation of GI on
vacant lots in order to perform a cost-benefit analysis.
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III. Introduction
Rust Belt cities are typically recognized as cities in the Midwest and Northeastern regions of the US
where heavy industry boomed from the late-19th through the mid-20th centuries, followed by a sharp
decline in manufacturing that lasted through the 1970s and 1980s 2. Initial manufacturing booms in
these areas were influenced by the proximity of the Great Lakes and the canals and rivers that connect
these bodies of water, both as a resource and as a transport vector. Studies focused on the Rust Belt
often define the area differently, depending on the focus of the analysis in question3,4. Based on the
studies researched for this analysis, the five states containing cities most often associated with the
area are Illinois, Indiana, Michigan, Ohio, and Wisconsin. Other states and territories often mentioned
include New York, New Jersey, Pennsylvania, Maryland, Kentucky, West Virginia, and Ontario, Canada.
Before being labeled the Rust Belt, the heart of industry in the Midwest and Northeast was sometimes
referred to as the manufacturing belt. The manufacturing belt thrived primarily due to its geographical
location 5. The Great Lakes allowed proximal cities to become hubs for import and export, and large
deposits of iron ore in the Lake Superior region and readily available coal supplies led to an increase in
steel production 3. Specialized industries, such as automobile production, developed near areas that
produced iron and steel due to relatively high costs of transporting heavy raw materials. Canal and
railroad transportation networks opened the Midwest to commercial agriculture, which created
demand for agricultural manufacturing as well 6. Examples of boom industries in some cities include
automobile production in Detroit, grain storage and distribution in Buffalo, and steel production in
Pittsburgh and Youngstown.
Several factors are attributed to economic decline in the Rust Belt. As the global economy evolved
post-World War II, Europe and Japan began to challenge American markets with technological
advances and lower costs of manufacturing7. The global market share of steel production in the United
States dropped from 20% in 1970 to 12% by 1990, with a net job loss in the industry of 260,000. Much
of the manufacturing industry that remained relocated further south due to lower wage rates and lessprevalent unions8. Seeking employment and better living conditions, much of the Rust Belt’s
population followed the pattern of migrating industries and moved to the southern and western
United States, often referred to as the Sun Belt3. Industry growth in this region can also be attributed
3

to lower taxes and cost of energy with the added benefit of a warmer climate. While total employment
grew by just 16.6% in the Mid-Atlantic and Northeast between 1967 and 1984, employment rose by
71.8% in the Sun Belt during that time9.
Population loss typically leads to an increase in vacant lots and abandoned properties. Abandoned
properties can decrease surrounding property values and discourage new development. Vacant homes
have also been associated with an increase in criminal activity, including drug use, prostitution, and
arson10–12. As urban economies have declined, more and more residents have moved to suburban
environments due to a perception of a better quality of life, in addition to the perception of moving to
the suburbs as the “American Dream” after World War II13. Urban sprawl, the tendency for populations
to expand beyond city borders into previously unoccupied areas, has a negative impact on the
environment. Increased suburban land results in a loss of green space and increased automobile usage,
which leads to increased air pollution. Urban sprawl also results in expanded areas of impervious
surfaces, resulting in an increase in stormwater runoff volume and pollutant loading 14.
Vacant and abandoned properties can, however, provide a blank canvas for addressing stormwater
runoff while reestablishing green space. By re-introducing green infrastructure (GI) into urban
environments, city planners can reduce some of the negative impacts of deindustrialization, resulting
in a more aesthetically pleasing environment. Studies also suggest that GI solutions are more
economical than traditional gray infrastructure solutions, such as stormwater storage tunnels 15,16.
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IV. Literature Review
Population loss
Out of the 100 largest cities in the United States identified in the 1950 US Census, 37 are located in the
aforementioned states identified as part of the Rust Belt, excluding New York City. As seen in Table
1Error! Reference source not found., of those 37 cities, 21 lost over 25% of their population between
1950 and 2010 (US Census, 1998, 2014).
Table 1: Population of 21 Rust Belt cities, 1950-2010 (U.S. Census Bureau, 2014, www.census.gov)
CITY
DETROIT, MI
YOUNGSTOWN,
CLEVELAND,
OH
OH
BUFFALO, NY
PITTSBURGH, PA
DAYTON, OH
CINCINNATI, OH
GARY, IN
SCRANTON, PA
CAMDEN, NJ
CANTON, OH
FLINT, MI
NEWARK, NJ
ROCHESTER, NY
BALTIMORE, MD
SYRACUSE, NY
TRENTON, NJ
ALBANY, NY
AKRON, OH
PHILADELPHIA, PA
CHICAGO, IL

1950
POPULATION
1,849,568
168,330
914,808
580,132
676,806
243,872
503,998
133,911
125,536
124,555
116,912
163,143
438,776
332,488
949,708
220,583
128,009
134,995
274,605
2,071,605
3,620,962

2010
POPULATION
713,777
66,982
396,815
261,310
305,704
141,527
296,943
80,294
76,089
77,344
73,007
102,434
277,140
210,565
620,961
145,170
84,913
97,856
199,110
1,526,006
2,695,598

% CHANGE 1950 RANK 2010 RANK RANK
DIFFERENCE
-61.4%
5
18
-13
-60.2%
57
487
-430
-56.6%
7
45
-38
-55.0%
15
70
-55
-54.8%
12
59
-47
-42.0%
44
173
-129
-41.1%
18
62
-44
-40.0%
71
389
-318
-39.4%
83
420
-337
-37.9%
86
403
-317
-37.6%
89
445
-356
-37.2%
60
268
-208
-36.8%
21
68
-47
-36.7%
32
98
-66
-34.6%
6
21
-15
-34.2%
47
166
-119
-33.7%
80
335
-255
-27.5%
69
287
-218
-27.5%
39
109
-70
-26.3%
3
5
-2
-25.6%
2
3
-1

Between 1969 and 1996, manufacturing employment in the Rust Belt fell by 32.9% 17. With limited
alternative employment options in these cities, declines in manufacturing led to a mass exodus of the
unemployed. As a result, vacant residential properties and industrial lots have appeared in cities all
over the Rust Belt, causing many negative consequences. While some cities have had success due to
5

other economic interests, such as education facilities and medical centers, the effects of declining
industry remain in the form of vacant properties.
Population loss in cities is often compounded by urban sprawl and suburbanization. Suburbanization,
the trend of city dwellers to move to areas outside of the city, has been attributed to many different
factors throughout history. Urban sprawl refers to the expansion of city footprints and increasingly
lower population densities18. Population loss in Rust Belt cities was initially due to the loss of jobs in
the city limits and the movement of those jobs to other areas of the country, namely Southern and
Western states often referred to as the “Sun Belt”19. However, suburbanization is fueled by the
cascading effects of city population loss, including lower quality public schools, crime, racial tension,
and perception of congestion and low environmental quality20.
Population loss in Rust Belt cities does not necessarily imply population loss as a whole for the
surrounding area. For example, the population of Erie County outside of Buffalo, NY grew from 319,106
to 657,730 between 1950 and 2010 while the city itself experienced a population loss of 55% during
that time21. On the other hand, the population of Wayne County, MI did follow the trend of its
metropolis Detroit, falling from 2,435,235 in 1950 to 1,820,584 in 2010.
Land abandonment in Rust Belt cities is most often attributed to the deterioration of industry.
Between 1977 and 1987 in the United States, the auto industry lost about 500,000 jobs and the steel
industry shed 350,000 jobs 22. The Rust Belt had been the hub of auto and steel manufacturing until
that time, and many of these cities have similar timelines and results of decline.
The city of Rochester, New York experienced a great loss of industry since the downsizing or relocation
of economic powerhouses Kodak, Bausch and Lomb, and Xerox. When the industrial manufacturing
that once dominated employment opportunities in the area slowed, many of the city’s residents
relocated to seek their livelihood elsewhere23. The metropolitan area of Rochester, including its
surrounding suburbs, grew from 487,632 people in 1950 to 1,082,284 in 2012, an overall increase of
122%24. However, during the same time period, Rochester’s city population fell from 332,488 to
210,565, a loss of 37%1,25. This implies that while the area’s total economy did not take a great hit,
living in the city became less desirable for residents, causing an exodus to the suburbs.
6

The city’s population loss has created thousands of vacant structures and/or properties. As of 2010,
Rochester had an estimated 17,062 vacant housing units, totaling 16.6% of its total housing units26, and
as of 2014 a total vacant land area of roughly 1,286 acres. A map of all parcels currently vacant in
Rochester can be seen in Figure 1.

Figure 1: Rochester's vacant parcels (4,949) as of 2014 as defined by the city boundary file.
7

Shift to vacancy
While residents leave cities, problems related to social health, the economy, and crime remain and
become more obvious. These issues can be traced in part back to the abandoned houses and other
properties former residents left behind. Abandoned properties contribute to negative community
attributes, from simply being unattractive to becoming havens for criminal activities. Abandoned
buildings can foster an increase in crime in the forms of drug-related activity, vandalism and vagrancy,
lower property values, decrease tax revenue, depress land prices, and become general eyesores 27,28. In
essence, the biggest issue of abandoned properties is that they promote an environment that leads to
more abandoned properties.
The problem of property abandonment is most often seen as a symptom of urban decline, rather than
a cause11,27,28. However, increasing evidence shows that property abandonment also contributes to the
decline of cities. The first estimation of the cost of crime was actually done in the City of Rochester
using an implicit price model. Richard Thaler (1978) found that “the average property crime lowered
house prices by approximately $1,930” at 1995 prices29. Thus, neighborhood decline has a domino
effect, where the property value continuously drops and levels of crime rise, leading to more
abandoned properties. Investors that could help revitalize these areas benefit more from areas with
higher property values, so basic amenities that may once have been available also decline.
Urbanization is also detrimental to the surrounding natural environment. In addition to loss of natural
green space, urbanization leads to increased areas of impervious surfaces, a primary contributor to
increased stormwater runoff. Increased stormwater runoff results in higher levels of non-point source
pollution and combined sewer overflow (CSO). Non-point source pollution comprises sediment,
pesticides and fertilizers, oil and grease, salt from roads, bacteria and other nutrients that degrade the
quality of local water bodies30. Sedimentation affects the quality of dams and reservoirs by filling them
with sediment and rendering them unusable. Excess nutrients, primarily nitrogen and phosphorus, are
particularly harmful as they can cause eutrophication, which ultimately deprives water bodies of
oxygen31. The eutrophication of Lake Erie was highly publicized in the 1960’s, as seasonal algae blooms
began to expand, rendering beaches unusable. These events helped spur the 1972 Great Lakes Water
Quality Agreement, in which the US and Canada agreed to attempt to reduce phosphorus loads into all
8

the Great Lakes32. Studies also show that non-point source pollution can affect biodiversity for plants
and for both aquatic and terrestrial animals, which can also result in the loss of native species and an
increase of nonnative species33. Soil compaction, often a byproduct of building construction and
vehicle traffic due to urbanization, can restrict plant growth and reduce water infiltration rates,
resulting in increased stormwater runoff34–36. This is a particular problem when addressing the process
of demolishing vacant and abandoned homes. Demolition requires operating heavy equipment in a
relatively small space, which serves to compact urban soils even further. In order to utilize newly
cleared lots for stormwater mitigation, remediation of existing soil may be required37.
CSO events occur when combined sewer systems exceed capacity, at which point the excess water is
discharged into a neighboring water body, such as a lake or river. Combined sewer systems collect
domestic sewage, industrial wastewater, and stormwater runoff in the same pipe, which goes to a
wastewater treatment facility38. When rain events create an excess of sewer water, both rain water
and sewage can be discharged into natural water bodies, which can introduce toxic materials and
untreated human, commercial, and industrial waste to surface waters. Over 700 cities across the
United States, including Rochester, rely on combined sewer systems and most have issues with CSOs 39.
The EPA has estimated that the costs for controlling CSOs nationwide are about $56 billion 15.
Implementing stormwater runoff mitigation techniques on vacant lots in urban environments can
reduce stormwater runoff and its negative effects. Impervious surfaces and compacted soils have high
runoff potentials that are extremely harmful to the surrounding natural environment, while natural,
undisturbed, areas such as meadows and woods, promote infiltration and groundwater recharge.
While converting all vacant urban property to established forests or meadows may be unlikely, there
are stormwater remediation techniques that can be implemented to increase infiltration and absorb
some runoff, lessening the negative impacts of urbanization overall.

9

Types of remediation
The New York State Department of Environmental Conservation (NYS-DEC) identifies several types of
acceptable GI designed to reduce stormwater runoff36. Some of these techniques are applicable to
vacant lots in the city of Rochester. The methods discussed are also used by other cities across the
nation for stormwater runoff control. Different types of GI are contingent on size, as some applications
are not feasible on a small scale, such as a single vacant lot. For this study, only methods potentially
applicable in Rochester will be explored. These methods include:
o Conservation of natural areas
o Vegetated swales
o Tree plantings
o Rain gardens
o Bioretention
o Stormwater planters
o Porous pavement
Conservation of natural areas
Conservation of natural areas is a method focused on retaining pre-development hydrologic
characteristics of existing natural areas, like bodies of water or forest areas, by restoring these areas or
permanently conserving undisturbed sites. This reduces runoff and promotes open space that can be
appealing to city residents, and is very cost effective. As the Genesee River flows through the City of
Rochester to Lake Ontario, attention should be given to preserving the natural state of undisturbed
areas of the river corridor. An example of existing natural areas along the lower falls of the Genesee
River in Rochester can be seen in Figure 2.
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Figure 2: The lower falls of the Genesee River in Rochester, NY (EPA)
Vegetated swales
Vegetated swales can be constructed to convey stormwater at a low velocity, which promotes
infiltration, evaporation, and natural water treatment36. A swale is a low channel that can be applied in
various locations, such as a street right-of-way or in place of a gutter. Vegetated swales can provide a
10-20% reduction of runoff depending on the hydrologic condition of surrounding soils. Swales are
limited to areas that can accommodate a length of at least 100 feet, and can have a maximum
contributing drainage area of 5 acres40. Vegetation that requires little maintenance is planted in a
swale, primarily grasses and groundcover plants. However, these plants do need to be mowed during
the growing season to keep the height of the swale between 4 inches and 6 inches 36. Figure 3 shows
an example of the cross-section of a typical vegetated swale design.
11

Figure 3: The cross-section of an example of a vegetated swale (http://columbus.gov/)
Tree plantings
Tree plantings are an effective, low-maintenance stormwater management practice. Tree plantings can
reduce stormwater runoff, increase nutrient uptake, aid infiltration, and provide shading and wildlife
habitat while providing an aesthetically pleasing landscape in urban environments. This method is wellsuited to redevelopment of vacant properties. These plantings are generally concentrated groups of
trees in landscaped areas and have an effect similar to riparian restoration, but are more applicable on
a smaller scale. Proper tree selection and landscape design are crucial to the success of this practice, as
some species of trees are not suitable to urban environments. The New York State Stormwater
Management Design Manual36 can be consulted for an approved list of native species for planting.
There is a recommended minimum of 1,000 cubic feet of soil per tree. Adequate space must be
provided for the trees to grow, and soil amendment may be necessary prior to planting. Trees require

12

inspections every three months to assess tree health, and young trees may require mulching or
protection, but otherwise maintenance is very low.
Rain gardens
Rain gardens are intended to manage and treat small volumes of runoff from precipitation events and
snowmelt using a bed of plants to filter runoff stored in a shallow depression. This stormwater
management practice is designed to fill in as a passive filter system without connecting to the storm
drain system except for designed overflow. Runoff flows into the rain garden and temporarily ponds,
infiltrating the soil within one to two days. The system consists of several layers, beginning with a
shallow ponding area constructed over a planting bed, then a layer of mulch, a gravel filter chamber,
and is topped with appropriate native shrubs, grasses, and flowers. Figure 4 shows an example of the
cross-section of a typical rain garden design.

Figure 4: The cross-section of an example of a rain garden (NYS-DEC 2010)
The NYS-DEC suggests certain native plants for rain garden plantings. These plants are relatively lowmaintenance and provide aesthetically pleasing foliage and flowers, and are listed in Table 2. Figure 5
shows a picture of a rain garden containing some of the recommended plants, including Cutleaf
Coneflower and New England Aster.
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Table 2: Examples of NYS-DEC approved native shrubs and plants for rain gardens (NYS-DEC 2010)
Shrubs
Witch Hazel (Hamemelis virginiana)
Winterberry (Hex verticillata)
Arrowwood (Viburnum denatum)
Brook-side Alder (Alnus serrulata)
Red-Osier Dogwood (Cornus stolonifera)
Sweet Pepperbush (Clethra alnifolia)

Herbaceous plants
Cinnamon Fern (Osumunda cinnamomea)
Cutleaf Coneflower (Rudbeckia laciniata)
Woolgrass (Scirpus cyperinus)
New England Aster (Aster novae-angliae)
Fox Sedge (Carex vulpinoidea)
Spotted Joe-Pye Weed (Eupatorium maculatum)
Switch Grass (Panicum virgatum)
Great Blue Lobelia (Lobelia siphatica)
Wild Bergamot (Monarda fistulosa)
Red Milkweed (Asclepias incarnate)

Figure 5: An example of an aesthetically-pleasing rain garden with native plantings (NYS-DEC 2010)
14

Because rain gardens do not need to connect directly to the storm drain system, they can be installed
in areas that have an inadequate drainage system with minimal impact to the surrounding area. Rain
gardens are commonly placed near other stormwater runoff management systems, such as swales and
porous pavement. Sizes can range from 40 to 300 square feet. Larger areas would require a method
like bioretention, which can handle more runoff. Specific sizing criteria can be found in the New York
State Department of Conservation Stormwater Management Design Manual 36. The maximum drainage
area should be no more than 5:1 drainage area to garden size. As long as rain gardens are installed
properly, they require little maintenance. This method is particularly valuable in urban settings as a
natural pollutant treatment system.
One major drawback to installing rain gardens in urban environments is the prevalence of compacted
soils in these areas. To address this, soils may need mechanical augmentation, such as aeration or deep
ripping. Rain gardens also require relatively flat slopes in order to take in runoff. These gardens are not
intended to treat roadway or parking lot runoff. To treat these types of areas, bioretention practices
may be employed.
Bioretention
Bioretention is essentially a rain garden on a much larger scale. This method requires a shallow
depression to store stormwater, which is then returned to the storm drain system, unlike rain gardens
which are independent of the drain system. An example of the cross-section of a traditional
bioretention system can be seen in Figure 6.
Bioretention areas require specific tests measuring pH, phosphorous, potassium, soluble salts, and
additional tests of organic matter, to ensure that each variable is in an acceptable range. Mitigation of
these elements is required if the results show that the variable in question is out of the approved range
of results. For example, if the pH of the bioretention area is higher than 7.0 or lower than 5.2, it can be
modified by adding lime to bring the pH up or adding iron sulfate plus sulfur to lower the pH.
Compaction of soils must be minimized, as it can inhibit the success of a bioretention installation.
Tilling can be employed to reduce the effects of compaction. Underdrains must be installed under
gravel bedding, followed by filter fabric, and topped with 2.5’-4’ of planting soil. Two to three inches of
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shredded hardwood mulch is deposited on top of the soil, and ponding occurs on top. Plantings are
site-specific, and can be chosen by contacting the local National Resource Conservation Service (NRCS)
office or the county Soil and Water Conservation District (SWCD). The NYS-DEC states maximum
contributing drainage area should be no more than 2.5 acres of imperious cover for traditional
bioretention, and 1 acre of impervious cover for small-scale or urban bioretention41.

Figure 6: An example of the cross-section of a bioretention pond (http://dcplanning.org)
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Stormwater planters
Stormwater planters are small treatment devices designed to be placed above or below ground to
serve as an infiltration mechanism. There are three types of stormwater planters: infiltration planter,
flow-through planter, and contained planter. Infiltration planters are contained but have a pervious
bottom, allowing stormwater to
infiltrate and pass into the
underlying soil. Flow-through
planters are designed with an
underdrain system that connects to
the storm drain system or a
downstream waterway. Contained
planters are essentially large potted
plants placed atop an impervious
surface. Each type of planter
contains three common parts,
Figure 7: An example of a contained stormwater planter (NYS-DEC)

including the planters’ box material, an organic soil media, and vegetation. Infiltration and flowthrough planters can also contain a scaled-down version of a bioretention system, including filter
fabric, a gravel drainage layer, and piping.
This stormwater management practice has the unique advantage of being able to be installed in
locations that will not accommodate other, more intensive management practices, like paved building
plazas in central business districts. Building downspouts can be placed to direct flow into flow-through
and infiltration planters, and contained planters are designed to only capture rainwater, which
decreases the impervious area of the site. Another benefit is the aesthetically pleasing variety of plants
that can be added to these planters. These are small-scale treatment areas, typically installed to
augment other treatment practices. Stormwater planters must have a maximum ponding depth of 12”,
and pond water for a maximum of 12 hours. The growing medium should be 30% topsoil and 70%
sand, and must provide an infiltration rate of 2” per hour. Based on this requirement, a 2’ by 4’ planter
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would accommodate a minimum of 200 gallons of rain water annually. Infiltration planters should have
a minimum width of 1.5’, and flow-through containers require a minimum width of 2.5’. Growing
depth for all planters should be a minimum of 1.5’. Planters can be constructed out of clay, wood,
plastic, concrete, stone, or other materials, which can influence the expense of installation.
Porous pavement
Porous pavement is a paving method that serves to reduce runoff by providing a permeable surface to
encourage infiltration. This practice can be used for parking lots, sidewalks, roads, and paths. During
precipitation events, rainfall is conveyed into an underlying reservoir and then infiltrates into the
surrounding soil or drainage system. There are two types of porous paving techniques, porous
pavement and permeable pavers. Porous pavement is a permeable asphalt or concrete that allows
infiltration. Permeable pavers are comprised of turf and brick pavers. Aggregate must be laid beneath
the porous surfaces, and is designed as a reservoir for stormwater prior to infiltration. This practice can
be used to treat low traffic areas, such as a small cul-de-sac, sidewalks, tennis and basketball courts,
plazas, courtyards, and residential driveways.

Figure 8: An example of the effects of porous pavement during a rain event (NYS-DEC 2010)
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Permeable paving is designed to manage small rainfall events, and the infiltration rate of the
underlying soil should be at least 0.5” per hour. Porous pavement will provide storage for an area
roughly three times its surface area15. Benefits include groundwater recharge augmentation, easing of
capacity constraints in storm drains, pollution treatment through infiltration, and some aesthetic
improvement to hard urban landscapes. However, this practice requires careful site planning, as areas
with high levels of sediment-heavy runoff or too much traffic can influence its failure rate. Soil beneath
the pavement must be adequately permeable. Laying porous pavement in areas with colder climates
can be problematic without proper planning, as freezing and thawing of underlying soil mediums can
cause cracking or buckling. Application of sand or salt can clog the pavement, and snow plowing can
easily damage the pavement unless the blade is set higher than usual. There are many considerations
and guidelines to address when planning for porous pavement, which can be a setback for many urban
planners. The amount of maintenance required can also cause an adverse reaction to installation, as
monthly evaluation is required to ensure that the area is clean of debris and sediments and that runoff
is infiltrating the pavement properly. When installed properly, porous pavement can be a great
addition to stormwater management practices. However, if the pavement is installed without
addressing all of the required variables, it can be costly and require extensive maintentance36.
This project analyzes the efficacy of stormwater runoff control and cost-effectiveness for each of the
above GI methods using a Long-Term Hydrologic Impact Assessment, GIS mapping, and case studies of
other cities’ applications of GI to determine the best options for stormwater runoff control in
Rochester.
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V. Methods
L-THIA analysis
Using the L-THIA (Long-Term Hydrologic Impact Assessment) runoff model42, an analysis was
conducted to assess the effectiveness of stormwater runoff remediation practices on vacant lots in the
city of Rochester. By performing an L-THIA analysis, current levels of runoff and absorption were
estimated in Rochester without remediation of vacant lots. L-THIA was then applied to simulate
different methods of remediation to find the runoff absorption rates for each method in order to
recommend the best approaches for stormwater runoff mitigation. The methods simulated include
stormwater planters, porous pavement, rain gardens, bioretention areas, and urban forests and tree
plantings.
L-THIA estimates changes in runoff, recharge, and nonpoint source pollution of various soil types
resulting from land use change by applying different land use scenarios to the Soil Conservation Service
(SCS) curve number (CN) method43. The SCS method uses historic rainfall records and curve numbers to
calculate runoff. By applying different curve numbers assigned to land use to the land area given in the
analysis, researchers can estimate what effects land use change can have in terms of average surface
runoff42.
To perform an L-THIA analysis (https://engineering.purdue.edu/~lthia/), the user must provide the
location of the area to be analyzed by state and county, which allows the model to select historical
local climate data. The area under past, present, and future land uses is also applied. Historic maps and
GIS information can be used if previous or current land uses are not known. The hydrologic soil group is
also added, which can be obtained from the NRCS Geospatial Data Gateway or from a local SWCD. The
curve number is calculated by the L-THIA program based on hydrologic soil group, soil-cover complex,
and hydrologic condition of the soil to produce an estimate of how soil and land cover conditions
adsorb annual rainfall totals for the selected location44. Model output includes annual runoff depth and
volume and non-point source pollution loads, presented in tables and graphs45.
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Curve numbers can be assigned to individual land uses and soil types, and expanded to cover a
watershed with different soils and land uses. Low curve numbers indicate low runoff potential, and
runoff potential increases exponentially with rising numbers. For example, a wooded area with good
hydrologic condition can have a curve number as low as 30, implying very low runoff potential, while a
paved parking lot has a curve number of 98, implying high runoff and very little storage or infiltration46.
See Appendix I for examples.
Over 9000 soils have been mapped and assigned names and hydrologic soil groups (HSG) in the United
States by the NRCS 46. There are four hydrologic soil groups (A, B, C, and D), each based on intake and
transmission of water under conditions of maximum annual wetness, periods when the soil is not
frozen, periods of bare soil surface, and maximum swelling of expansive clays44. These groups can
change for some soils based on the water table, so one named soil can have different hydrologic
groups listed for drained and undrained periods. Urbanization can invalidate assigned hydrologic soil
groups, so a new group can be assigned based on the texture of the current surface soil as seen in
Table 3.
Table 3: A listing of hydrologic soil groups as defined by the SCS (USDA-SCS, 1989)
HSG
A
B
C
D

SOIL TEXTURE
Sand, loamy sand, or sandy loam
Silt loam or loam
Sandy clay loam
Clay loam, silty clay loam, sandy clay, silty clay, or clay

This project focuses on fully developed urban areas, for which there are several classified subcategories, which can be can be viewed in Appendix I. Curve number computations in urban
development areas include percentage of impervious areas in the drainage system. Assumed averages
of impervious area percentages are applied in classification of various residential, commercial and
business, and industrial districts depending on acre size. Classifications of good, fair and poor
hydrologic condition sub-categories are determined by factors that either impair or encourage
infiltration. Complexes classified as poor include factors that increase runoff by impairing infiltration,
while fair and good classifications imply average or better than average infiltration and contribute to
decreased runoff47.
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Curve number computation includes an SCS runoff equation in addition to the previously mentioned
attributes.
The runoff equations are:
(𝑃−𝐼𝑎 )2

𝑄 = {(𝑃−𝐼

𝑎

+ 𝑆)

} 𝑓𝑜𝑟 𝐼𝑎 < 𝑃

𝑄 = 0 𝑓𝑜𝑟 𝐼𝑎 ≥ 𝑃
where Q is runoff in inches, P is rainfall in inches, Ia is initial abstraction, and S is potential maximum
retention after runoff begins43,48.
Initial abstraction (Ia) includes all losses before runoff begins, including water intercepted by
evaporation, vegetation, and infiltration as well as water retained in surface depressions. Initial
abstraction can be approximated by the following equation:

𝐼𝑎 = 0.2𝑆
Removing initial extraction allows potential maximum retention (S) and rainfall in inches (P) to produce
runoff amount. This creates the simpler equation:

𝑄=

(𝑃−0.2𝑆)2
(𝑃+0.8𝑆)

S is used to compute CN in the following equation:

𝑆=

1000
𝐶𝑁

− 10

A graphical depiction of the solutions for any input of rainfall and direct runoff in inches relating to CN
is available in Appendix I. Table 4 shows runoff in inches for curve numbers 30-100 for Rochester using
the years 1965-2014 used in the L-THIA model. Curve numbers below 30 have negligible runoff and are
not included.
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Table 4: Curve number calculations of runoff depth in inches for Rochester, NY (1965-2014), provided
by Dr. Karl Korfmacher, Professor of Environmental Science, Rochester Institute of Technology.
CN
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

RO
0.002
0.002
0.003
0.004
0.005
0.007
0.008
0.010
0.012
0.014
0.016
0.019
0.022
0.026
0.029
0.034
0.039
0.044
0.050
0.058
0.066
0.075
0.086
0.098

CN
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

RO
0.112
0.127
0.144
0.163
0.185
0.209
0.235
0.265
0.298
0.335
0.377
0.422
0.473
0.530
0.593
0.663
0.741
0.828
0.925
1.032
1.152
1.286
1.436
1.603

CN
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

RO
1.790
1.999
2.233
2.496
2.791
3.125
3.500
3.925
4.408
4.956
5.583
6.301
7.131
8.094
9.221
10.553
12.146
14.081
16.483
19.558
23.678
29.686
41.120

County and city tax records provide information on Rochester’s vacant parcels. After summing the area
of all parcels in the city of Rochester designated as vacant properties separated into size categories,
these areas were input into L-THIA and applied to different scenarios of land use to find the most
effective remediation methods for improving runoff control based on parcel size. These methods were
ranked in order of infiltration effectiveness.
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Vacant parcels
For a suggested plan of action, the types of vacant parcels and the areas containing those parcels were
considered to determine which remediation method would be most appropriate. For example, a
retention pond would be inadvisable for a single vacant plot in a residential neighborhood, due to
safety concerns and feasibility, but applying this method to a larger vacant industrial area would be
appropriate. Not all vacant parcels were considered for GI installation based on a number of factors,
which can be seen in Figure 9.
States have different classification systems for parcels of land. All parcels in New York State are split
into nine categories in increments of 100, 100-900, with divisions that are indicated by a second digit. If
needed, divisions are further subdivided, indicated by a third digit, to consider special characteristics.
Vacant properties in New York are classified as the 300 category, with divisions for residential land,
rural land, vacant land in commercial areas, vacant land in industrial areas, urban renewal or slum
clearance, and public utility vacant land. Some of these divisions are further categorized, and some of
those subdivisions apply to the City of Rochester as seen in Table 5.
Property class codes are assigned by the county. A map of the vacant properties in Rochester
delineated by property class and description can be seen in Figure 10. A parcel including “with
improvement” in the title indicates that the property includes one or more structures49. While a
structure is listed as an improvement because increases the property value of the land, improvements
on vacant parcels may actually hinder the mitigation process by impeding the installation of a
stormwater mitigation feature, so “improvement” is a misnomer in this study.
The parcels were categorized in ArcGIS by property class to extract only the parcels in the 300
category. Then the parcels in this category were filtered by municipality to extract only the vacant
parcels in the city of Rochester.
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Table 5: A list of the different types of vacant parcels as defined by GIS data selected for this analysis,
4,775 parcels totaling 1,045 acres (“Property class codes- Assessors’ Manual Data Collection,” 2014)
PROPERTY
DESCRIPTION

PROPERTY
CLASS CODE

NUMBER OF
PARCELS

RES VAC LAND
VAC W/IMPRV

311
312

3805
175

AREA OF
COMBINED
PARCELS (ACRES)
490.68
21.22

VACANT COMM
COM VAC
W/IMP
VACANT INDUS
IND VAC W/IMP

330
331

538
5

239.83
1.13

340
341

192
4

243.14
1.45

URBAN RENEWL

350

40

29.77

PUB UTIL VAC

380

16

17.57

DEFINITION

Vacant land in residential areas
Residential land including a small
improvement, not used for living
accommodations
Vacant land in commercial areas
Commercial vacant land with minor
improvements
Vacant land in industrial areas
Industrial vacant land with minor
improvements
Vacant land undergoing urban
renewal, any improvements must be
abandoned
Public utility company vacant land

As of 2014, there were 4,948 vacant parcels listed in the municipality of Rochester, with a combined
acreage of 1286 acres in 39 neighborhoods. The total area of the municipality is 19,863 acres, meaning
vacant areas comprise 6.5% of land in the city. For the purposes of this project, some parcels were
removed from the analysis based on current land cover designation (parks and water bodies) or
proximity to the Genesee River and other natural areas. After filtering, 4,775 parcels totaling 1,045
acres remained in the analysis, which can be seen in Figure 9 and Table 5. The removed parcels
represent logical omissions from the database, as they are not developed and represent natural areas
currently serving to reduce stormwater. This resulted in two of the 39 neighborhoods in Rochester
being excluded completely. It is likely that there are other parcels that should be excluded, but there is
not a defining attribute that can be used to identify them without going through each parcel
individually. With close to 5,000 remaining parcels, this was impractical for this analysis.
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Figure 9: Rochester's vacant parcels (4,775) after sorting for suitability for this project
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Figure 10: Selected vacant parcels (4,775) organized by designated property description
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Rochester Stormwater
The metropolitan area of Rochester utilizes one main wastewater treatment facility, Frank E. VanLare.
VanLare handles most of the wastewater in the area, with an operating permit at 135 million gallons
per day50. VanLare is located on the south shore of Lake Ontario. The various sewers in Rochester can
be viewed in Figure 11.
To reduce sewers overflowing into local waterways when capacity is reached, Rochester overflows are
directed to Rochester’s Combined Sewer Overflow Abatement Program (CSOAP) where the water is
stored for eventual treatment at the VanLare wastewater treatment plant. The holding capacity of the
underground tunnels is 175 million gallons, and VanLare has a maximum capacity of 660 million gallons
per day during storm events. Annually, 1.5-2 billion gallons of wastewater flow to a CSOAP before
being treated at VanLare (Andy Sansone, Monroe County Environmental Management Services,
personal communication).
The vast majority of inflow to VanLare goes through preliminary, primary, and secondary treatment.
Preliminary treatment removes materials that could clog or damage equipment. Bar screens are used
to remove large objects, and a grit removal process causes heavy materials like sand and stones to
settle to the bottom of the holding chamber. In primary treatment, wastewater is allowed to settle for
up to three hours to allow suspended organic matter to migrate to either the bottom or the top of the
chamber. Scrapers at the bottom and skimmers at the top collect the settled sludge and floating scum,
a process that removes about 30% of contaminants. After primary treatment, secondary treatment
removes the majority of remaining organic matter through an aerobic biological process and nutrient
removal. Before the water is discharged into Lake Ontario, chlorine is used in a disinfecting process to
destroy pathogens50.
Areas with combined sewer systems cause an increase in volume flowing to wastewater treatment
plants during precipitation events, due primarily to leaks in pipes that allow groundwater to infiltrate
the sanitary sewer. This can contribute to sewer overflow and backup during extreme weather events.
This also results in otherwise “clean” rainwater being pumped to wastewater treatment facilities
where it is processed like raw sewage, which can be costly50.
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Figure 11: A map of Rochester sewer mains separated by type. Rochester has a deep rock tunnel
system that acts to prevent combined sewer overflows using a “catch and store” system, titled the
Combined Sewer Overflow Abatement Program (CSOAP), which can be seen in dark blue.
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While the use of a CSOAP and other best management practices (BMPs) by the Monroe County DES
has greatly reduced the amount of CSO events over the last several decades, there are still three to six
annual CSO events in the city collection system, totaling 100 to 300 million gallons of overflow 51. There
are 20 CSO outfalls in the County system; 16 of these outfalls drain to the Genesee River, two go to
Densmore Creek, one to Irondequoit Creek, and one to Thomas Creek. Table 6 shows the total flow
received at VanLare for the years 2012, 2013, and 2014. Dry weather flow refers to the water received
during times with no precipitation, and storm flow is the water received during and after storm events.
120 Flow refers to storm flow partial treatment, which includes grit removal, screening, floatable
removal, and chlorination before being discharged. Split Flow receives primary treatment only 52.
Table 6: Flow data for inflow to Frank E. VanLare Wastewater Treatment Facility for 2012-2014, in
millions of gallons
2012
23,660
29,961
6,301
614
134
29,213
88%
98%

TOTAL DRY FLOW WEATHER FLOW (MG)
TOTAL FLOW RECEIVED (MG)
STORM FLOW (MG)
120 FLOW (MG)
SPLIT FLOW (MG)
FLOW RECEIVING SECONDARY TREATMENT (MG)
% STORM FLOW RECEIVING SECONDARY TREATMENT
% TOTAL FLOW RECEIVING SECONDARY TREATMENT

2013
26,172
32,946
6,775
843
252
31,851
84%
97%

2014
25,289
32,673
7,384
819
254
31,600
85%
97%

51–53

Assumptions
For this analysis, it is assumed that all parcels identified by the GIS information provided are assigned
accurate designation as vacant and that all other information associated with those parcels such as
parcel size and ownership is true. The curve numbers provided for each GI method are also assumed as
accurate based on literature review. For the entire analysis, the city is analyzed both as a whole and by
individual neighborhoods with the assumption that all selected vacant lots would be retrofitted for GI
installation, while in reality it is likely that smaller pockets will be addressed individually on a case-bycase basis.
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VI. Results and Discussion
As seen in Table 7 and Figure 12, of the 37 neighborhoods analyzed, 10 have total land area vacancy
rates above 8%, three of which have vacancy rates above 10%. B.E.S.T., J.O.S.A.N.A., and Upper Falls
have the highest rates of 10.5%, 10.7%, and 12.7%, respectively. The 19 th Ward, Airport, AtlanticUniversity, Ellwanger-Barry, North Winton Village, Northland-Lyceum, and Park Ave neighborhoods
have vacancy rates less than 2%. Figure 12 shows each neighborhood organized by total percentage of
vacant land, with green neighborhoods having the least amount and red neighborhoods with the
greatest amount of vacant property. Maps of the vacant properties in each respective neighborhood
can be viewed in Appendix II.
The neighborhoods with the greatest percentage of vacant property are primarily located in the
northwest crescent surrounding the Central Business District. Southwest and southeast parts of the
city have the lowest vacancy rates, between 0.1 and 3.9%.
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Table 7: Vacancy rate of Rochester neighborhoods used in this analysis, organized from greatest to
least area of vacant property
NEIGHBORHOOD
UPPER FALLS
J.O.S.A.N.A.
B.E.S.T
SUSAN B. ANTHONY
BROWN SQUARE
N. MARKETVIEW HEIGHTS
S. MARKETVIEW HEIGHTS
PLYMOUTH-EXCHANGE
LYELL-OTIS
U.N.I.T
MAYORS HEIGHTS
GENESEE-JEFFERSON
CHARLOTTE
EDGERTON
14621
CORN HILL
MAPLEWOOD
P.O.D
COBBS HILL
UPPER MONROE
BEECHWOOD
STRONG
SWILLBURG
EAST AVE
CENTRAL BUSINESS DISTRICT
PEARL-MEIGS-MONROE
SOUTH WEDGE
HIGHLAND
BROWNCROFT
HOMESTEAD HEIGHTS
19TH WARD
NORTH WINTON VILLAGE
NORTHLAND-LYCEUM
ELLWANGER-BARRY
PARK AVE
ATLANTIC-UNIVERSITY
AIRPORT

NUMBER OF
VACANT PARCELS
470
252
57
19
64
233
237
107
189
105
141
181
208
193
865
67
176
122
70
24
202
44
42
52
79
39
38
24
21
43
193
85
63
20
27
19
4

ACRES
VACANT
83.5
26.2
5.6
7.3
23.1
27.9
26
23.9
108.5
63.8
14.2
19.7
117
37
120.6
8.8
108.1
15.8
20.8
7.8
21.2
27.2
3
14.5
11.9
4.3
6.4
12.3
10.7
4
32.1
14.5
6.7
4.1
3.9
1.6
0.9
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TOTAL NEIGHBORHOOD
ACREAGE
666.62
244.75
53.23
74.69
239.21
313.58
298.66
284.18
1337.04
789.81
192.33
278.14
1736.1
564.76
2251.42
175.34
2291.69
342.62
528.77
201.01
602.29
817.86
99.89
506.98
458.3
179.03
273.67
546.91
507.7
198.96
1686.53
749.35
518
346.92
370.37
187.78
817.28

PERCENT VACANT
12.5%
10.7%
10.5%
9.8%
9.7%
8.9%
8.7%
8.4%
8.1%
8.1%
7.4%
7.1%
6.7%
6.6%
5.4%
5.0%
4.7%
4.6%
3.9%
3.9%
3.5%
3.3%
3.0%
2.9%
2.6%
2.4%
2.3%
2.2%
2.1%
2.0%
1.9%
1.9%
1.3%
1.2%
1.1%
0.9%
0.1%

Figure 12: Rochester's neighborhoods classified by total percent vacancy
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L-THIA analysis
Using a curve number of 90 for urban area as suggested by the Water Environment Research
Foundation54, the 1,045 acres of vacant property assessed have an approximate total annual runoff of
over 218 million gallons. The L-THIA analysis was performed using 50 years’ worth of precipitation data
taken from the Rochester International Airport. Table 8 shows the average annual runoff for that area
for both urban and different GI land uses. Gallons saved indicates the amount of stormwater runoff
that would be reduced if that practice were installed on all land currently designated as vacant.
Table 8: Results of L-THIA analysis for annual stormwater runoff for 1,045 acres of vacant land.
Urban is the land use assumed for current conditions, and gallons saved is the amount of runoff from
urban land use that could be mitigated by installing the listed GI land uses. Curve numbers taken
from the Water Environment Research Foundation54
LAND USE

CURVE NUMBER

URBAN
TREE BOX FILTERS/STORMWATER PLANTERS
DOWNSPOUT DISCONNECTION
FILTER STRIPS
POCKET WETLANDS
RAIN BARRELS
VEGETATED ROOFS
TREE COVER
SOIL AMENDMENTS
VEGETATED SWALES
INFILTRATION PRACTICES
POROUS PAVEMENT
RAIN GARDENS/BIORETENTION

90
85
80
80
80
75
75
70
60
60
40
40
35

AVERAGE
ANNUAL RUNOFF
VOLUME (GAL)
218,723,970
120,655,724
68,840,731
68,840,731
68,840,731
39,868,601
39,868,601
23,296,884
7,945,344
7,945,344
737,782
737,782
312,139

GALLONS
SAVED
0
98,068,246
149,883,239
149,883,239
149,883,239
178,855,369
178,855,369
195,427,086
210,778,626
210,778,626
217,986,188
217,986,188
218,411,831

Rain gardens and bioretention, with the lowest curve number of 35, have the highest absorption
potential. Porous pavement and infiltration practices, which include dry wells and infiltration basins40,
have the second-highest rate of absorption with a curve number of 40. Soil amendments, vegetated
swales, tree cover, vegetated roofs, and rain barrels have medium absorption rates, while pocket
wetlands, filter strips, downspout disconnection, and tree box filters have the lowest absorption
potential. The higher curve number of 70 for tree cover is assuming that urban soils are very
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compacted, as tree cover in good-quality soil has an absorption rate comparable to rain gardens43. A
list of curve numbers for agricultural lands and wooded areas for various hydrologic conditions can be
viewed in Table in Appendix I.
The best choices for GI installation based solely on the potential to control runoff are rain gardens and
bioretention, porous pavement, and infiltration practices which include infiltration basins and dry
wells. If all vacant parcels in this analysis were converted to these practices, nearly all of the runoff
currently produced by those properties would be absorbed, reducing the annual runoff volume to
wastewater treatment plants by nearly 219 million gallons. Infiltration practices and porous pavement
have approximately the same absorption potential with the ability to offset almost 218 million gallons.
Soil amendments and vegetated swales are also good choices with an absorption potential of close to
211 million gallons. Of all the practices analyzed, tree box filters and stormwater planters have the
least absorption potential, but could still lower the current amount of runoff by 98 million gallons.

Efficiency of stormwater runoff control
The type of GI implemented on each individual lot depends greatly on the size of the lot. Some
infrastructure is appropriate for only small areas, while some methods can be applied over several
acres. Figure 13 shows a histogram of the sizes of lots in Rochester. Lots smaller than 0.5 acres are
much more common than larger lots, with a most frequent lot size of 0.2-0.3 acres at 1,687 lots. There
are 4,638 lots smaller than 1 acre, comprising 97% of the total vacant parcels selected for this analysis.
The largest empty parcel in Rochester is nearly 31 acres. With some exceptions, the smaller lots are
primarily residential vacant properties. The largest lots are nearly all vacant commercial or industrial
properties.
For a sample analysis, each lot was assigned potential GI land use based on parcel size to estimate the
amount of water controlled and the cost for each parcel. Table 9 shows the maximum drainage areas
for selected types of green infrastructure36,55,56. Based on this information, parcels 5 acres or greater
were assigned open wooded space and tree plantings with a curve number of 70. Parcels smaller than
0.1 acres were assigned stormwater planters with a curve number of 85. While stormwater planters
can accommodate an area up to 0.34 acres, this is the only method capable of being installed on the
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smallest parcels. Parcels between sizes 0.11 and 4.9 were assigned vegetated swales, porous
pavement, or rain gardens and bioretention. Each of these three practices handles approximately the
same amount of water per land area. As none of these practices can handle up to 5 acres of drainage
area alone, it is assumed that they would be used in conjunction with one another on larger lots. A
curve number of 53 was assigned for these parcels, as this curve number simulates the average
number of gallons of runoff for all three types of GI combined, based on the exponential nature of the
curve number method.
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Figure 13: A histogram of the frequency of different lot sizes in Rochester (2014 parcel data)
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Table 9: Maximum drainage areas for selected GI techniques
PRACTICE

DRAINAGE AREA

VEGETATED SWALES
POROUS PAVEMENT
OPEN WOODED SPACE/TREE PLANTINGS
BIORETENTION/RAIN GARDEN
STORMWATER PLANTERS

Minimum of 100 feet, maximum of 5 acres
Maximum 3:1 drainage area to surface area
100 square feet per tree
Minimum of 40 square feet, maximum of 2.5 acres
Maximum 3:1 drainage area to planter area

The results of the analysis for reduced runoff based on the three assigned size categories can be seen
in Table 10. Parcels smaller than 0.1 acres amounted to 194.9 acres. With an assigned ratio of 3:1
drainage area to planter area, roughly 65 of those acres would be set aside for stormwater planter
installation. Parcels sized 0.11 to 4.9 acres comprised the largest land area of the three categories with
585.9 acres. With an assigned ratio of 5:1 drainage area to GI method, 117.18 of these acres would be
set aside for GI installation. Parcels 4.9 acres or larger totaled 264 acres, with all acres used for tree
plantings. The total reduced runoff for this sample analysis is 188,275,175 gallons. This estimate falls
between the minimum and maximum values found in the earlier analysis of potential reduced runoff
using the CN method for each individual GI option over the study area.
Neighborhoods
Charlotte has the highest total reduced runoff with over 22 million gallons, followed closely by LyellOtis and Maplewood at over 20 million gallons. Though the 14621 neighborhood has the highest total
acres of vacant property, it has the fourth-highest total reduced runoff with 19.5 million gallons. This is
likely because 14621 has a higher concentration of parcels smaller than 5 acres. U.N.I.T. and Upper
Falls also control a significant amount of runoff with nearly 12 million and 14.5 million gallons,
respectively. All neighborhoods that control under 2 million gallons of runoff have no parcels larger
than 4.9 acres.
This analysis suggests that the neighborhoods of Charlotte, Lyell-Otis, Maplewood, and 14621 should
be targeted for GI implementation based on volume of mitigated runoff alone, followed by U.N.I.T. and
Upper Falls. These six neighborhoods combined could mitigate 110 million gallons annually, over half
of the total runoff reduced by the entire city.
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Table 10: Results of an L-THIA analysis for GI installed based on parcel size
NEIGHBORHOOD

AIRPORT
ATLANTIC-UNIVERSITY
SWILLBURG
HOMESTEAD HEIGHTS
PEARL-MEIGS-MONROE
PARK AVE
ELLWANGER-BARRY
B.E.S.T
NORTHLAND-LYCEUM
SOUTH WEDGE
SUSAN B. ANTHONY
UPPER MONROE
CORNHILL
BROWNCROFT
MAYORS HEIGHTS
CENTRAL BUSINESS DISTRICT
HIGHLAND
P.O.D
NORTH WINTON VILLAGE
EAST AVE
GENESEE-JEFFERSON
BEECHWOOD
S. MARKETVIEW HEIGHTS
COBBS HILL
J.O.S.A.N.A.
BROWN SQUARE
PLYMOUTH-EXCHANGE
N. MARKETVIEW HEIGHTS
STRONG
19TH WARD
EDGERTON
U.N.I.T
UPPER FALLS
14621
LYELL-OTIS
MAPLEWOOD
CHARLOTTE
SUM TOTAL:

TOTAL
ACRES
0.9
1.6
3
4
4.3
3.9
4.1
5.6
6.7
6.4
7.3
7.8
8.8
10.7
14.2
11.9
12.3
15.8
14.5
14.5
19.7
21.2
26
20.8
26.2
23.1
23.9
27.9
27.2
32.1
37
63.8
83.5
120.6
108.5
108.1
117
1044.9

ACRES OF
PARCELS <0.1
0.0
1.1
1.9
3.1
1.4
0.5
0.5
2.7
1.9
0.9
0.3
0.4
2.2
0.4
7.0
2.6
0.4
4.7
2.2
0.8
9.1
8.1
11.7
1.6
10.8
2.8
4.3
10.9
1.1
6.5
8.1
3.6
21.2
44.3
6.0
4.5
5.2
194.9
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ACRES OF ACRES OF TOTAL REDUCED
PARCELS
PARCELS
RUNOFF FOR RIGHT0.11-4.9
>4.9
SIZED BMP (GALLONS)
0.9
0.0
185,237
0.5
0.0
207,291
1.0
0.0
400,904
0.9
0.0
472,333
2.9
0.0
728,700
3.4
0.0
743,737
3.7
0.0
792,219
2.9
0.0
851,746
4.8
0.0
1,165,806
5.6
0.0
1,220,960
7.0
0.0
1,466,791
7.4
0.0
1,558,911
6.6
0.0
1,563,490
3.8
6.6
2,036,227
7.2
0.0
2,137,509
9.3
0.0
2,153,089
11.8
0.0
2,486,958
11.1
0.0
2,720,399
12.2
0.0
2,736,476
13.7
0.0
2,895,388
10.7
0.0
3,039,082
13.1
0.0
3,455,849
14.4
0.0
4,043,521
19.2
0.0
4,104,515
15.3
0.0
4,179,178
8.5
11.8
4,216,517
10.1
9.6
4,261,839
17.1
0.0
4,526,345
12.3
13.7
5,211,341
25.6
0.0
5,877,728
21.5
7.3
6,568,418
12.7
47.5
11,831,107
48.7
13.5
14,560,861
58.0
18.3
19,518,284
46.2
56.3
20,605,567
58.9
44.7
20,901,362
77.1
34.7
22,849,493
585.9
264.0
188,275,175

Economic efficiency
The average cost for several GI practices was found using price ranges for different practices provided
by the US Army Corps of Engineers (Table 11). Tree plantings, or open wooded space, is the least
expensive option, with an average cost of $4.45 per square foot or $2,200 per acre. Porous pavement
is next with an average $8.24 per square foot, followed by vegetated swales and stormwater planters
at $10.30 and $11.50 per square foot, respectively. The most expensive option is bioretention and rain
gardens with an average of $25.55 per square foot. These costs may vary dependent on location and
availability.
Table 11: Price ranges, drainage areas, and maintenance levels of selected GI techniques 36,40,55
PRACTICE
VEGETATED SWALES
POROUS PAVEMENT
OPEN WOODED SPACE/TREE
PLANTINGS
BIORETENTION/RAIN GARDEN
STORMWATER PLANTERS

PRICE RANGE
$0.60-$20.00/square foot
$1.48-$15.00/square foot
$2.40-$6.50/square foot
or $1800-$2600/acre
$3.48-$47.62/square foot
$8.00-15.00/square foot

AVERAGE PRICE
$10.30/square foot
$8.24/square foot
$4.45/square foot or
$2200/acre
$25.55/square foot
$11.50/square foot

MAINTENANCE LEVEL
Low/medium
Medium/High
Low
Medium
Medium

To find the cost per neighborhood for GI installation, the parcels were separated into the three
separate size categories. The cost of each category per neighborhood was found and that number was
summed to get the total cost for GI installation per neighborhood should this example plan be
followed. Parcels equal to or smaller than 0.11 acres were assigned stormwater planters at $11.50 per
square foot. Parcels between 1.1 acres and 4.9 acres were given vegetated swales, porous pavement,
or bioretention/rain gardens. The cost assigned for this category was found by averaging the costs of
each of the three options for a total of $14.70. The final category of parcels larger than 4.9 acres was
assigned open wooded space and tree plantings, with a cost of $2,200 per acre. Once the total square
footage for parcels less than 0.11 acres was found, that number was divided by 3 to find the area of
planter needed to control water on each parcel, as planters can handle a 3:1 ratio of drainage area to
planter. That number was multiplied by $11.50 to find the cost for installing planters on parcels smaller
than 0.11 acres. The square footage for parcels assigned rain gardens/bioretention, porous pavement,
or vegetated swales was divided by 5, as each of these methods can handle a maximum 5:1 ratio of
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drainage area to GI surface area, and then multiplied by $14.70. The cost for tree planting on parcels
larger than 4.9 acres was found by totaling the area of these parcels combined and multiplying by
$2,200 per acre. These totals were combined to find the total cost for the sample analysis.
Table 12 shows the results for the analysis of cost for each neighborhood’s parcels for the sample
analysis. The total cost for the whole city for GI is roughly $158.8 million. The most expensive
neighborhoods for GI implementation are 14621, Charlotte, Upper Falls, Maplewood, and Lyell-Otis.
These are also the neighborhoods with the most potential for runoff mitigation, and would therefore
be the best investments for the city.
While rain gardens and bioretention are the more expensive options for this analysis, many cities
employing GI to mitigate stormwater runoff include construction of these methods in their long-term
plans. This implies that the benefits of these methods outweigh the initial costs enough to include
them along with less expensive methods that have comparable runoff control. When things like
aesthetic value, property equity, and maintenance are considered, rain gardens may be a better option
than a less expensive system. Future research is necessary to find out the cost versus benefits of this
for a long-term plan for the city of Rochester.
The overall best option for GI installation based on cost and ability to capture stormwater is tree
plantings. This method is the most inexpensive method explored, is low maintenance, and has a
relatively low curve number with the ability to offset nearly 90% of the runoff for the assumed current
vacant lot conditions. Mature deciduous trees can offset 500 to 700 gallons of water per year, and
mature evergreens over 4,000 gallons per year57. If all lots in the city larger than 100 square feet were
planted with trees, it would cost the city approximately $2.3 million and save an average of
195,427,086 gallons of stormwater per year compared to current conditions.
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Table 12: Results of a cost analysis for assigning different GI to individual parcels in neighborhoods
based on size
NEIGHBORHOOD
AIRPORT
ATLANTIC-UNIVERSITY
SWILLBURG
HOMESTEAD HEIGHTS
PEARL-MEIGS-MONROE
PARK AVE
ELLWANGER-BARRY
B.E.S.T
NORTHLAND-LYCEUM
SOUTH WEDGE
SUSAN B. ANTHONY
UPPER MONROE
CORNHILL
BROWNCROFT
MAYORS HEIGHTS
CENTRAL BUSINESS DISTRICT
HIGHLAND
P.O.D
NORTH WINTON VILLAGE
EAST AVE
GENESEE-JEFFERSON
BEECHWOOD
S. MARKETVIEW HEIGHTS
COBBS HILL
J.O.S.A.N.A.
BROWN SQUARE
PLYMOUTH-EXCHANGE
N. MARKETVIEW HEIGHTS
STRONG
19TH WARD
EDGERTON
U.N.I.T
UPPER FALLS
14621
LYELL-OTIS
MAPLEWOOD
CHARLOTTE
SUM TOTAL:

TOTAL ACRES
VACANT

TOTAL REDUCED
RUNOFF (GALLONS)

TOTAL ESTIMATED
COST

0.9
1.6
3
4
4.3
3.9
4.1
5.6
6.7
6.4
7.3
7.8
8.8
10.7
14.2
11.9
12.3
15.8
14.5
14.5
19.7
21.2
26
20.8
26.2
23.1
23.9
27.9
27.2
32.1
37
63.8
83.5
120.6
108.5
108.1
117
1044.9

185,237
207,291
400,904
472,333
728,700
743,737
792,219
851,746
1,165,806
1,220,960
1,466,791
1,558,911
1,563,490
2,036,227
2,137,509
2,153,089
2,486,958
2,720,399
2,736,476
2,895,388
3,039,082
3,455,849
4,043,521
4,104,515
4,179,178
4,216,517
4,261,839
4,526,345
5,211,341
5,877,728
6,568,418
11,831,107
14,560,861
19,518,284
20,605,567
20,901,362
22,849,493
188,275,175

$115,619
$244,389
$454,565
$632,664
$600,330
$517,830
$547,573
$818,325
$937,177
$859,202
$946,948
$1,013,154
$1,211,939
$1,820,433
$2,096,006
$1,626,451
$1,584,491
$2,214,396
$1,938,384
$1,882,233
$2,881,277
$3,035,846
$3,790,395
$2,719,024
$3,773,100
$3,847,652
$3,852,479
$3,998,255
$4,431,063
$4,361,321
$5,526,013
$11,445,135
$12,405,061
$18,377,651
$17,832,329
$16,961,640
$17,452,947
$158,753,297
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Based on the total percent vacancy of land area, the B.E.S.T., J.O.S.A.N.A., and Upper Falls
neighborhoods have the most to gain from repurposing vacant properties into GI as all three have a
property vacancy rate greater than 10%, as seen in Table 6. Brown Square, Lyell-Otis, North
Marketview Heights, Plymouth-Exchange, South Marketview Heights, Susan B. Anthony, and U.N.I.T.
have vacancy rates between 8 and 9.9%, and would also benefit greatly from increased green
infrastructure. These neighborhoods should be targeted for potential installation of green
infrastructure, based on percent vacancy alone.
When taking into account the analysis for ability to control runoff and percent vacancy, Upper Falls is
the first neighborhood planners should look to for GI implementation. With the highest vacancy rate of
all neighborhoods in the city at 12.5%, and the ability to control 14.5 million gallons of runoff,
rehabilitating vacant lots in this neighborhood would be the best investment overall.

Publicly and privately owned lots
When considering which vacant parcels are appropriate for GI installation, ownership of each parcel
must be considered. If a lot is privately owned, the city would need to either purchase the lot or get
permission from the owner to install GI. If a lot is already owned by the city, county, or state, it would
be much easier to secure approval to alter the lot. An overview of the total acres, cost of GI
installation, and total runoff control for private and public lots is summarized in Table 13. Publicly
owned parcels comprise 592.8 acres, and privately owned parcels total 452 acres. A map of publicly
and privately owned parcels can be seen in Figure 14.
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Table 13: Total acres, cost of GI installation, total runoff, and gallons handled for publicly and
privately owned lots in Rochester
Acres
Public (2555 parcels)
Total acres
Acres of parcels <0.1
Acres of parcels 0.11-4.9
Acres of parcels >4.9
Private (2220 parcels)
Total acres
Acres of parcels <0.1
Acres of parcels 0.11-4.9
Acres of parcels >4.9

Cost

Total urban runoff (gal)

Total GI runoff (gal)

Gallons saved

592.8
104.5
305.3
183.0

$92,366,860
$17,794,879
$39,104,139
$35,467,843

124,075,091
21,868,072
63,909,823
38,297,196

17,203,619
12,063,186
1,061,294
4,079,138

106,871,472
9,804,885
62,848,529
34,218,058

452.0
90.4
280.5
81.0

$67,037,403
$15,404,387
$35,925,043
$15,707,973

94,605,509
18,930,404
58,714,070
16,961,035

13,224,246
10,442,667
975,013
1,806,566

81,381,263
8,487,737
57,739,057
15,154,469

Figure 14: Publicly and privately owned lots in the city of Rochester
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Limitations
The limitations for this study are rooted in the need for more information about vacant parcels in the
city. More must be known about the nature of each vacant parcel and each individual neighborhood to
decide the best course of action for GI implementation. There are likely parcels that are unfit for
certain GI methods, even though their size may indicate otherwise based on this analysis. Cost for
installation of each method will vary based on pricing in the Rochester area, and may vary widely from
the estimated costs provided for this study. The topology of each neighborhood was not addressed in
this study, and the necessity of stormwater runoff control may change based on information about
flood-prone neighborhoods. The potential for the absorption of runoff from adjacent lots was not
explored. The geographical information about each parcel provided is from 2014, so ownership of
parcels or their status as vacant may have changed. The ownership of each parcel must also be
considered, as privately-owned parcels would need to be acquired by the city for public installation of
GI. In addition to ownership, the existence of contiguous parcels and the impact they have on sizeappropriate GI methods was not explored, and must be addressed in the future when considering GI
implementation.

Examples of GI implementation
Rochester’s city planners are faced with the issue of how to mitigate problems with stormwater runoff,
and one approach is to look to other cities’ success stories for guidance. Many cities in the United
States and elsewhere have implemented changes to deal with the issues caused by deindustrialization.
While these methods do not solve the problem of shrinking population, they can make use of existing
infrastructure and help to assuage some of the negative impacts of decline. Those cities that have had
particular success have accepted and embraced the fact that their respective municipalities will likely
never return to the peak of their economic wealth or population. Rather than focusing solely on
economic revitalization, these cities also focus on social and environmental issues 58.
It is important to note that not all efforts to revitalize declining cities succeed. This can be due to
changing political atmospheres, as some city leaders or influential planners may be keen to address the
vacant property issue aggressively only to be replaced by someone who has no interest in doing so,
which is what happened in Youngstown, Ohio. Waning interest by city residents can also influence
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failure, as can the inability of community leaders and organizers to band together for a unified cause.
However, this does not mean that proposed initiatives that have failed cannot work at all. By
examining the failures of seemingly sound plans for revitalization, city planners can analyze why these
initiatives never succeeded in their original plans which allows for the adjustment of potential plans
accordingly. Studies show that effective utilization of GI depends on incorporating ecological, political,
and social elements59.
Rooftops to Rivers II, a report issued by the National Resources Defense Council (NRDC) in 2011,
outlines 14 cities both in the Rust Belt and across the nation that are implementing GI or a combination
of green and gray infrastructure to address issues with stormwater and CSO events. Some of these
cities are in the Rust Belt and are addressing the issue of urban blight while implementing GI, while
others are simply great examples of how to use GI to improve water quality and reduce CSOs. This
report grades the cities with an Emerald City Rating System from 1 to 6, which employs six different
criteria determined to maximize GI investment57. Each of the 14 cities employs at least one of these
actions. The six actions are:
o Long-term GI Plan
o Existing requirement to use GI to reduce some portion of the existing impervious surfaces
o Incentives for private-party actions
o Retention Standard
o Guidance of other affirmative assistance to accomplish GI within city
o Dedicated funding source for GI57
The cities in this report have all adopted the outlook that investing in GI is more cost-effective than
traditional “gray” infrastructure. Gray infrastructure is synonymous with conventional infrastructure
like underground holding tunnels and traditional wastewater treatment plants. Some of these cities
have utilized GI in conjunction with gray infrastructure to mitigate stormwater runoff. Figure 15 lists
the 14 cities and which of the actions they have taken as of 201316.
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Figure 15: "Emerald Cities" table taken from Rooftops to Rivers II Update October 2013. The table
lists the cities in the report and which of the six actions they have taken 16

Philadelphia and Milwaukee are the only two cities out of fourteen that have achieved all six points.
Syracuse, Washington, D.C., New York City, and Portland, OR have a rating of 5 points. These cities
have all achieved significant success in using GI to reduce stormwater runoff, save money, and beautify
their cityscapes57.
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Philadelphia
A long-term GI plan ensures that changes made with the introduction of GI to a city are maintained for
an extended period. Several cities have drafted detailed reports of plans for transforming the urban
landscape over many years. Philadelphia has a 25-year Green City, Clean Waters plan intended to
convert at least one-third of existing impervious surfaces into “greened acres” to achieve reduced CSO
volumes and pollutant loading in its surrounding watersheds. In 2011, the Philadelphia Water
Department (PWD) announced the Green City, Clean Waters plan, a program designed to manage
stormwater by installing GI throughout the city, creating a large-scale system in small pockets. The
primary goals of Green City, Clean Waters are to meet water quality standards by reducing the
negative impacts of pollution from combined sewer overflows by 85% and to convert at least one-third
of existing impervious surfaces into “greened acres”57,60. One acre receives about one million gallons of
rainfall annually, and each green acre is expected to offset runoff to the sewer system by 80-90%. The
city estimates that 5,000 to 6,000 acres within the combined sewer system drainage area will become
green over the 25-year program. The plan also embraces the “triple bottom line,” an assurance that
the investment has environmental, social, and health benefits for the city. Philadelphia Water
Department has estimated an investment of $2.4 billion by the planned 25-year implementation mark
and estimates that the project will save the city $5.6 billion 60.
An interactive map on the City of Philadelphia website known as “The Big Green Map,” shown in Figure
16, displays all completed and in-progress GI projects. When selected, each icon explains the type of GI
installed, the address of the project, and which of the four watersheds receiving city combined sewer
overflow discharges is affected positively by reduced stormwater runoff from that location. Many of
the locations on the map are on or near school property, because although schools only account for 2%
of the impervious cover in the city, the PWD believes that the educational opportunities for future
generations and high visibility at schools are important to showcase GI methods57.
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Figure 16: A map of implemented and working stormwater mitigation projects in Philadelphia,
Pennsylvania (www.phila.gov)
Milwaukee
Milwaukee, Wisconsin approached stormwater problems in the 1970’s in a manner similar to
Rochester, by constructing a deep tunnel storage system designed to reduce sewer overflows and limit
CSOs. The tunnel cost approximately $1 billion and reduced the number and volume of CSO events by
over 80%. However, the district still has an average of 2.6 CSOs and 4.1 sanitary sewer overflows every
year. To address this issue, the Milwaukee Metropolitan Sewer District (MMSD) began looking at GI in
2002. Through cost-effective public outreach programs and cooperative partnerships, MMSD
implemented a downspout disconnection program and a rain barrel program and installed 60 rain
gardens57. MMSD has now created a Regional Green Infrastructure Plan with a goal of capturing 740
million gallons of stormwater per rain event and to achieve improved water quality, zero CSOs, and
zero basement backups by 203561. Like Philadelphia, Milwaukee has implemented a triple bottom line
approach to installing GI in the city. The plan uses a systematic approach using data collected by
MMSD about the metropolitan district’s land use such as land use, impervious area, and groundwater
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topography16. The district also used modeling to
estimate the storage volume for the potential GI
strategies in the city, as seen in Figure 17.
Bioretention and rain gardens, porous pavement,
native landscaping, and soil amendments provide
most of the projected storage capacity61.
The operating expenses for the MMSD are financed
mainly by sewer service charges, coupled with
revenue from selling fertilizer made from sewage
sludge. Service charges brought in an estimated $66.7
million in 2011, and fertilizer sales gained a net
income of $7.8 million. MMSD also incentivizes
community participation in GI installation by offering
public outreach programs and technical assistance
Figure 17: The results of a model showing the
potential storage volume of each green
infrastructure implemented by MMSD by
203561

and assisting with cost-sharing and grant
opportunities16.

Syracuse
Syracuse, New York is an example of a typical Rust Belt city with a 1950-2010 population loss
comparable to Rochester at about 34%. Syracuse sits on Onondaga Lake, which became the primary
dumping ground for steel mills, power plants, and other manufacturing businesses beginning in the
1800s. The lake became one of the most polluted lakes in the United States. After industrial pollution
waned in the 1970s and ‘80s, the issue of municipal water pollution coming from the metropolitan
sewage treatment facility became more apparent. In 2009, the city became legally obligated by the
EPA to employ GI techniques to achieve quantitative reductions in CSOs 57. In 2009, Save the Rain was
introduced as a comprehensive stormwater management plan designed to implement GI practices into
all types of land use in the city of Syracuse to manage stormwater and reduce the amount of pollution
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flowing into Onondaga Lake. Save the Rain
has employed multiple GI methods
throughout the city, including rain gardens,
green roofs, bioswales, permeable
pavement, and rain barrels and cisterns62.
Save the Rain has multiple green programs,
including a Tree Planting Program, a Rain
Barrel Program, and a Vacant Lot Program62.
The Tree Planting Program is a collaborative
effort among Save the Rain, Cornell
University Cooperative Extension of
Onondaga County, and the Syracuse Parks
Department, and as of October 2014 over
3,500 trees have been planted under the
program by city residents. Once the trees are
planted, the city oversees watering and
pruning the trees63. The Rain Barrel Program
is funded by New York State’s Green
Figure 18: An example of one of the projects
completed in 2014 for the Save the Rain Vacant Lot
Program, at 224-226 Putnam Street in Syracuse
(http://savetherain.us/vacant-lot-program/)

Innovation Grant Program, and provides free
rain barrels to homeowners after attending a
workshop on how to utilize the rain barrels62.

The Vacant Lot Program converts city and county-owned vacant lots in the city to functional spaces for
the benefit of the public while also serving to capture stormwater. Four projects were completed
between 2011-2012, and combined, they capture over half a million gallons of stormwater runoff
annually16,64. Figure 18 shows the project completed at 224-226 Putnam Street in 2012. This project
involved planting seven new trees, including White Peach and Allegheny Serviceberry trees, and a rain
garden. This example has a capture area of 6,000 square feet and reduces runoff by 120,000 gallons
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per year at a total construction cost of $43,787. This cost equates to $0.36 per gallon, with a GI
installation that has little to no maintenance costs.
To date, Save the Rain has advanced over 175 distinct GI projects 62. The total green infrastructure
budget for 2011-2018 for Save the Rain is approximately $78 million, with funding coming from state
low-interest loans, grants, and sewer fees. The balance of green and gray infrastructure used in this
plan has been estimated to save the county $20 million when compared with traditional methods to
mitigate CSOs57.
Other Emerald Cities
New York City has implemented PlaNYC, which addresses 100 initiatives over a range of issues
including energy, open space, water quality and climate change. This plan complements another
initiative to plant 1 million trees, adding to the estimated 870 million gallons of stormwater that
existing city trees capture annually. This, along with other measures such as restoring coastal wetlands,
would combine $900 million from private investment and $1.6 billion in public investment and would
reduce CSO events by roughly 1.5 billion gallons57. Washington, D.C. has a Green Build-Out Model,
which has shown that increasing the tree cover from 35 to 40 percent by adding green roofs and trees
would handle 311 million gallons of stormwater runoff, which would save the city $1.4 million to $5.1
million annually in reduced treatment costs57. Toronto has estimated that doubling its urban tree cover
to 40% could reduce stormwater runoff by 20 to 30 percent, which results in $7 billion in savings 57.
Savings trends resulting in using green infrastructure instead of gray infrastructure are common
throughout the Rooftops to Rivers report.
Youngstown
Youngstown, Ohio tackled the problem of population loss and blighted properties by accepting and
embracing its urban decline. Rather than focusing on “economic saviors,” Youngstown has focused on
working with its population decline and increase in abandoned properties 65–67. Through the
Youngstown 2010 Plan, the city attempted a new agenda for urban planning based on community
involvement and revitalization. The Youngstown 2010 Citywide Plan began in 2002 as a collaborative
effort between the city and Youngstown State University and was officially implemented by the
51

Planning Commission and City Council in 2005. Over 250 members of the community came together in
workshops and collaborated with the city, the university, and a public engagement consultant to
establish main themes for the plan: a green network, competitive industrial districts, viable
neighborhoods, and a vibrant core. Volunteers began assessing neighborhood conditions, and over
1,300 residents attended the official presentation of the plan. A land use map was created for the
current city conditions, seen in Figure 19, and a future plan was drafted based on the established
themes and the planning process, seen in Figure 2027,66,67.
As of 2010, Youngstown’s number of vacant homes came to 19% of total units in the city 68. An
important part of the 2010 plan incorporated reducing residential land use by at least one third in
order to reduce blight. To do this, a large number of vacant homes must be demolished at great cost.
The Mahoning County Land Bank has received several grants to implement demolition of abandoned
homes, including a $4.27 million Neighborhood Initiative Program grant and a $1.5 million grant from
the Moving Ohio Forward program69. Much of this now vacant property was slated for incorporation as
green space, as seen in the green areas in Figure 20.
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Figure 19: Land use in Youngstown, Ohio in 2005 (The Youngstown 2010 Citywide Plan, 2005)

Figure 20: The proposed future land use based on the Youngstown 2010 plan in Youngstown, Ohio
(The Youngstown 2010 Citywide Plan, 2005)
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Youngstown 2010 required intense community involvement to operate. Groups from neighborhoods
across the city united to create a comprehensive plan. This sort of unity is crucial in moving ahead
when faced with vast amounts of vacant property. However, community support must be combined
with solid political leadership and city planning, as city governments have the power to change policies
and implement changes.
Youngstown 2010 began to fade with the departure of some of its biggest political backers.
Youngstown’s chief planner and project director of Youngstown 2010 resigned in 2009, and was not
replaced. Jay Williams, the mayor of Youngstown that promoted the plan, resigned in 2011, and his
replacement Chuck Sammarone completely dismissed the plan. However, likely due to the initial fervor
surrounding Youngstown 2010, some parts of the endeavor were carried out. Between 2007 and 2013
there were 3,062 demolitions. Still, the average price for a single family residence dropped by close to
a third. Some small efforts to remediate existing parks have taken place, and urban farming and
community supported agriculture have growing interest. Although the plan has not turned out the way
it was originally presented, the concept created a jumping off point for city residents to get more
involved in their communities and try to make positive changes70.

Lessons for Rochester
Rochester can look to many cities around the country which have already implemented initiatives to
control stormwater, address urban blight, or both. Focusing on the Rooftops to Rivers report is a great
place to start. Implementing a long-term GI plan, as Philadelphia, Milwaukee, and Syracuse have,
seems to be the most important part of the planning process. A long-term plan allows a city to bring
together the public and private sector and to address various issues with the same ultimate goal. While
individual efforts are useful, widespread implementation of GI infrastructure produces the greatest
benefit57.
Community outreach and engagement are also very important. Using a tool like Philadelphia’s Big
Green Map allows residents to witness everything a city has accomplished and provides an interactive
tool to promote stormwater runoff awareness. Free rain barrel giveaways promote reduction of
stormwater and help to educate the community about the importance of stormwater runoff
54

mitigation, and utilizing school locations is also a great way to inform the public and promote
awareness about GI. While Youngstown 2010 did not ultimately complete the goals originally planned,
the plan would not have come together at all without community involvement.
Dedicated funding is necessary to ensure the continuation of long-term GI plans. Different cities have
employed various resources for funding, including stormwater fees on utility bills, disposable bag fees,
property taxes based on impervious surface area, sewer service charges, and state low-interest loans
and grants. Many cities also provide incentives for homeowners who install GI on their property in the
form of tax credits57. Future research is needed to determine the best sources of funding for GI
installation in Rochester, especially as the city is one of the poorest in the country.
While vacant lots are not required for GI installation in cities, they provide a blank canvas for pilot
programs and can be valuable in stormwater recapture. In addition to many other projects, Syracuse
has utilized several vacant lots as examples to mitigate stormwater runoff64. Rochester should look at
this example to use vacant lots in combination with other land areas to provide the greatest effect for
reduced runoff.

Future research
To further this study, future research must be done to perform more detailed neighborhood analyses,
as well as to determine the results of aggregating contiguous vacant areas and addressing the topology
of an area in terms of runoff and GI installation (creating watersheds for each vacant parcel). A more
detailed neighborhood analysis would involve evaluating vacant parcels on a case-by-case basis, by
determining ownership and which GI methods would be most appropriate for installation. This analysis
does not identify which parcels are contiguous, and therefore does not address that many
neighborhoods have parcels clumped together that could form one larger parcel. These contiguous
areas allow for more open possibilities for appropriate GI. An example of these contiguous areas can
be seen in Figure 21, which shows a detailed look at the Upper Falls neighborhood in addition to which
lots are privately and publicly owned. Publicly owned lots allow for easier transition into GI areas as the
city will not have to acquire the lots or obtain permission to develop them. A list of the publicly owned
and privately owned areas and the percentage of publicly owned areas of each neighborhood can be
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seen in Table 14. Many publicly owned vacant parcels are shown to be contiguous and comprise a total
area of several acres, while this analysis evaluated parcel sizes individually. Accounting for contiguous
parcels could broaden the range of GI possibilities within a given area or neighborhood.

Figure 21: A detailed look at the Upper Falls neighborhood with publicly and privately owned vacant
lots identified
Topology, or the differences in elevation and spatial relationships, could also be accounted for in future
analyses. Different elevations in the city contribute to some areas being more prone to flooding during
precipitation events than others, and that information could be used to identify target areas for GI
installation. In addition to addressing the need for more detailed analyses of individual parcels, future
research should focus on the ability of GI installation on these vacant properties to mitigate
stormwater from adjacent properties, which could add to the benefits of vacant lot conversion.
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Table 14: Total acreage of vacant property for each neighborhood in Rochester and the breakdown
of publicly owned and privately owned property for each neighborhood
NEIGHBORHOOD
AIRPORT
ATLANTIC-UNIVERSITY
SWILLBURG
PARK AVE
HOMESTEAD HEIGHTS
ELLWANGER-BARRY
PEARL-MEIGS-MONROE
B.E.S.T
SOUTH WEDGE
NORTHLAND-LYCEUM
SUSAN B. ANTHONY
UPPER MONROE
CORNHILL
BROWNCROFT
CENTRAL BUSINESS DISTRICT
HIGHLAND
MAYORS HEIGHTS
NORTH WINTON VILLAGE
EAST AVE
P.O.D
GENESEE-JEFFERSON
COBBS HILL
BEECHWOOD
BROWN SQUARE
PLYMOUTH-EXCHANGE
S. MARKETVIEW HEIGHTS
J.O.S.A.N.A.
STRONG
N. MARKETVIEW HEIGHTS
19TH WARD
EDGERTON
U.N.I.T
UPPER FALLS
MAPLEWOOD
LYELL-OTIS
CHARLOTTE
14621
SUM TOTAL:

TOTAL
TOTAL PRIVATE TOTAL PUBLIC
ACRES
0.9
0.11
0.79
1.6
1.29
0.31
3
2.72
0.28
3.9
1.2
2.7
4
3.3
0.7
4.1
3.45
0.65
4.3
2.5
1.8
5.6
0.9
4.7
6.4
5.3
1.1
6.7
6.24
0.46
7.3
4.4
2.9
7.8
4
3.8
8.8
5.5
3.3
10.7
2.4
8.3
11.9
2.9
9
12.3
8.8
3.5
14.2
5.8
8.4
14.5
9.9
4.6
14.5
14.34
0.16
15.8
7.8
8
19.7
8.5
11.2
20.8
14.7
6.1
21.2
8.8
12.4
23.1
13.3
9.8
23.9
4.3
19.6
26
7
19
26.2
5.3
20.9
27.2
3.7
23.5
27.9
8.3
19.6
32.1
21.1
11
37
15.2
21.8
63.8
32.1
31.7
83.5
21.5
62
108.1
67.1
41
108.5
46.4
62.1
117
35.3
81.7
120.6
46.5
74.1
1044.9
452.0
593.0
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PERCENT PUBLIC
88%
19%
9%
69%
18%
16%
42%
84%
17%
7%
40%
49%
38%
78%
76%
28%
59%
32%
1%
51%
57%
29%
58%
42%
82%
73%
80%
86%
70%
34%
59%
50%
74%
38%
57%
70%
61%
57%

VII. Conclusions
Rochester, New York has 1,286 acres of vacant property due to a population loss of 37% over the last
several decades. Much of this property can be used to mitigate some of the problems associated with
stormwater runoff faced by all urban areas. Using data provided by the city, a sample analysis shows
that roughly 188 million gallons per year could be absorbed using right-sized green infrastructure
installed on the 1,045 acres of vacant properties appropriate for green retrofitting in Rochester. The
most cost-effective and absorbent GI method is tree cover, but other methods can be more fitting
depending on the size and intended use of an area. Using information from other cities’ successes and
failures with addressing both vacant property blight and stormwater runoff mitigation to reduce CSO
events, especially Philadelphia, Rochester city planners can form a long-term plan for GI installation
that would provide many benefits to the city, including but not limited to increased property values,
increased aesthetic value to city neighborhoods, reduced CSO events, increased air and water quality,
and bettering the economy through introduced green jobs57.
By addressing the issues of stormwater runoff and vacant properties simultaneously, city planners can
both increase the value of those and surrounding properties and reduce costs associated with excess
stormwater. Studies show that green infrastructure ultimately costs less than gray infrastructure over
time, and this project estimates a total initial installation cost for Rochester of about $158.8 million.
More research needs to be done to identify what GI installations city planners need to address and
where, but this analysis highlights the neighborhoods that would benefit most through GI installation
based on both stormwater runoff and percentage of land area comprised of vacant properties.
Cooperation is needed among residents and state and local governments to implement effective green
infrastructure, and funding resources need to be identified. If Rochester looks at the benefits of green
infrastructure based on both empirical evidence and success stories from other cities, the city can save
money, beautify neighborhoods, and reduce the many negative effects associated with excess
stormwater runoff.
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Appendix I
Table 15: Runoff curve numbers for urban areas from the Hydrology National Engineering
Handbook47
COVER DESCRIPTION

CURVE NUMBERS FOR HYDROLOGIC SOIL
GROUP

A

B

C

D

POOR CONDITION (GRASS COVER <50%)
FAIR CONDITION (GRASS COVER 50 TO 75%)
GOOD CONDITION (GRASS COVER >75%)
IMPERVIOUS AREAS:
PAVED PARKING LOTS, ROOFS, DRIVEWAYS, ETC. (EXCLUDING
RIGHT OF WAY)
STREETS AND ROADS:
PAVED; CURBS AND STORM SEWERS (EXCLUDING RIGHT-OFWAY)
PAVED; OPEN DITCHES (INCLUDING RIGHT-OF-WAY)

68
49
39

79
69
61

86
79
74

89
84
80

98

98

98

98

98

98

98

98

83

89

92

93

GRAVEL (INCLUDING RIGHT OF WAY)
DIRT (INCLUDING RIGHT-OF-WAY)
URBAN DISTRICTS:
COMMERCIAL AND BUSINESS (85% IMP.)
INDUSTRIAL (72% IMP.)
RESIDENTIAL DISTRICTS BY AVERAGE LOT SIZE:

76
72

85
82

89
87

91
89

89
81

92
88

94
91

95
93

1/8 ACRE OR LESS (TOWN HOUSES) (65% IMP.)/SMALL>

77

85

90

92

1/4 ACRE (38% IMP.)
1/3 ACRE (30% IMP.)
1/2 ACRE (25% IMP.)
1 ACRE (20% IMP.)
2 ACRES (12% IMP.)
NEWLY GRADED AREAS (PERVIOUS AREAS ONLY, NO
VEGETATION)

61
57
54
51
46
77

75
72
70
68
65
86

83
81
80
79
77
91

87
86
85
84
82
94

OPEN SPACE (LAWNS, PARKS, GOLF COURSES, CEMETERIES, ETC.)
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Table 16: Runoff curve numbers for agricultural lands from the Hydrology National Engineering
Handbook47
COVER DESCRIPTION

HYDROLOGIC
CONDITION

PASTURE, GRASSLAND, OR RANGE-CONTINUOUS FORAGE
FOR GRAZING

Poor
Fair
Good

CURVE NUMBERS FOR
HYDROLOGIC SOIL GROUP
A
B
C
D
68
79
86
89
49
69
79
84
39
61
74
80

MEADOW-CONTINUOUS GRASS, PROTECTED FROM
GRAZING AND GENERALLY MOWED FOR HAY

Good

30

58

71

78

BRUSH-BRUSH-FORBS-GRASS MIXTURE WITH BRUSH THE
MAJOR ELEMENT

Poor
Fair
Good

48
35
30

67
56
48

77
70
65

83
77
73

WOODS-GRASS COMBINATION (ORCHARD OR TREE
FARM)

Poor
Fair
Good

57
43
32

73
65
58

82
76
72

86
82
79

WOODS

Poor
Fair
Good

45
36
30

66
60
55

77
73
70

83
79
77
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Figure 22: Solution of runoff equation 43
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Appendix II: Neighborhood Maps
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